Surgical options for hepatocellular carcinoma must be considered first; if not, image-guided tumor ablation is recommended. The Barcelona Clinic Liver Cancer classification system is commonly used for patients with hepatocellular carcinoma. This classification system is important for image-guided tumor ablation. According to Barcelona Clinic Liver Cancer system, percutaneous tumor ablation is recommended for early stage hepatocellular carcinoma.
Introduction
Hepatocellular carcinoma is the fifth most common cancer in the world and the third leading cause of cancer-related death. 1 The number of cases diagnosed with hepatocellular carcinoma is expected to increase in Western countries. 2 A careful multidisciplinary assessment of tumor characteristics, liver function, and physical status is required for proper therapeutic management. Therapeutic approaches for treating hepatocellular carcinoma can be classified into 3 categories: (1) potentially curative, (2) palliative, and (3) symptomatic. Potentially curative treatments including liver resection and transplant are associated with promising 5-year survival rates of up to 75%. However, because of a shortage of donor livers, advanced tumor stage, or liver dysfunction, less than 20% hepatocellular carcinoma patients are eligible for such treatments. 3, 4 If surgery is precluded, local nonsurgical therapies are applied. Percutaneous treatments provide good results (5-year survival of 40%-50%), but our unable to achieve response rates and outcomes comparable to those for surgical treatments. 5 The Barcelona Clinic Liver Cancer staging classification links the stage of the disease to a specific treatment strategy. 6, 7 Percutaneous treatments are currently considered minimally invasive procedures. According to the Barcelona Clinic Liver Cancer staging system, image-guided tumor ablation is recommended in patients with early stage hepatocellular carcinoma. Tumor ablation is achieved by modifying the temperature of neoplastic cells (radiofrequency, microwave, laser, and cryoablation) or by using chemical substances (alcohol, acetic acid). 8 radiofrequency ablation for hepatocellular carcinoma The alternating current passing down electrode tip into surrounding tissue generates changes in the direction of ions and creates ionic agitation and frictional heat. The radiofrequency ablation effect depends on duration, temperature, organ perfusion, tissue density, and electrolyte concentration. Above 60°C, instant protein denaturation, melting lipid bilayer, destruction of RNA, DNA, and enzymes occur during radiofrequency ablation. 9 There are different types of radiofrequency ablation needles: retractable needle electrodes and insulated hollow needle electrodes. Radiofrequency ablation can be applied to patient using image guidance (Figures 1-4 ). Most frequently, ultrasound and computerized tomography used to place the needle. Magnetic resonance imaging also can be used. Sometimes, a combination of these methods are necessary. The procedure is performed under anesthesiologic assistance by conscious sedation using midazolam and fentanyl. If necessary, propofol is added.
Microwave for hepatocellular carcinoma
Microwave ablation uses dielectric hysteresis to produce heat. Tissue destruction occurs, when tissues are heated to lethal temperatures from an applied electromagnetic field, typically at 900-2.500 MHz. Unlike radiofrequency, microwave ablation can readily penetrate through the charred or desiccated tissue. 10 There are advantages to microwave ablation over radiofrequency ablation. Faster ablation times, larger ablation zones, and higher intratumoral temperatures have been observed. 11
Percutaneous ethanol injection for hepatocellular carcinoma Percutaneous ethanol injection causes cytoplasmic dehydration, protein denaturation, and small vessel thrombosis, result in coagulative necrosis. The advantages of percutaneous ethanol injection are its low cost, its application ease, and it may be applied as an additive to other ablative procedures. Disadvantages include a difficulty of diffusion through fibrous septa, multiple repeated injections, and higher recurrence rate. 12 Five randomized controlled trials have compared radiofrequency ablation versus percutaneous ethanol injection for treating early stage hepatocellular carcinoma. These studies showed that radiofrequency ablation has a higher anticancer effect than percutaneous ethanol injection, leading to a better control of the disease (2-year local recurrence rate: 2%-18% vs 11%-45%). 13 Radiofrequency ablation significantly improved survival, and reduces local recurrence compared with percutaneous ethanol injection. Percutaneous ethanol injection should be reserved for cases in which radiofrequency ablation is not technically possible (pericholecystic lesions or lesions near the hepatic hilum). 6, 7 Irreversible electroporation Irreversible electroporation is a technique that can be used for hepatocellular carcinoma lesions. High voltage pulses are applied to tissues to permeabilize the cell membranes irreversibly. Irreversible electroporation uses nonthermal based method of action and does not destroy tissue architecture, which is why the biliary system and intestinal vessels intestine remain intact. Irreversible electroporation has no charring effect or heat sink effect as seen in radiofrequency ablation. 14 Very early stage hepatocellular carcinoma is defined as a solitary hepatocellular carcinoma with a diameter of < 2 cm. Patients with small solitary nodule with Child-Pugh class A disease and an absence of microvascular invasion and dissemination are good candidates for surgical resection. After resection, such patients have a 5-year survival rate of better than 75%. 15 Nodules smaller than 2 cm that are not subcapsular or perivascular are the ideal target for percutaneous radiofrequency ablation. 16 The response rate after ablation is about 97%, with a 5-year survival rate of 68%. 17 If the location of the tumor is not optimal for radiofrequency ablation, then percutaneous ethanol injection can be performed as an ablative therapy. 18 Early stage hepatocellular carcinoma includes patients with preserved liver function with solitary hepatocellular carcinoma or up to 3 nodules less than 3 cm in size. Approximately 25% of all hepatocellular carcinoma patients are diagnosed with early stage hepatocellular carcinoma. Liver resection or liver transplant should be considered when patients present with a solitary tumor and no portal hypertension. Local ablation is considered when patients are excluded from surgical options. 19 Radiofrequency ablation is considered to be the best ablative therapy in patients with early stage hepatocellular carcinoma. In patients with ChildPugh class A disease and early stage hepatocellular carcinoma, 5-year survival rates are as high as 51% to 64%. 20 Radiofrequency ablation technique has been proven itself to be a safe and effective treatment for small hepatocellular carcinoma. However, it is difficult for radiofrequency ablation to achieve complete ablation when treating relatively large hepatocellular carcinoma. 21 Hepatocellular carcinoma nodule size can effect survival outcomes after ablation. Larger tumors are more likely to be associated with micrometastatic spread to local or distant tissues. Several recent systematic reviews has shown that a 3-cm breakpoint to differentiate local recurrence and survival outcomes after ablation. 22, 23 Lu and associates proved that if the hepatocellular carcinoma nodule was more than 3 cm, it is possible that 50% of hepatocellular carcinoma volume can be completely ablated. 24 Also, a study carried by Brillet and associates demonstrated that even after complete ablation of a hepatocellular carcinoma nodule, there was possibility of 44% live satellite nodules around the ablated zone for hepatocellular carcinoma. 25 Therefore, in recent years, the combination of interventional therapies has been widely performed when treating hepatocellular carcinoma.
One such combined strategy is the combination of radiofrequency ablation and transarterial chemoembolization. A combination of transarterial chemoembolization followed by radiofrequency ablation has been used to minimize heat loss because of perfusion-mediated tissue cooling and to increase the therapeutic effect of radiofrequency ablation (Figures 5-9 ). 26 Radiofrequency ablation and transarterial chemoembolization are more effective for complete tumor necrosis rate in patients with hepatocellular carcinoma. 21, 27 Local tumor progression rate was significantly lower in the transarterial chemoembolization and radiofrequency ablation-treated group than in the radiofrequency only ablation group (6%-39%). 28 To evaluate the ablated hepatocellular carcinoma nodule regarding residual tissue or recurrence and possible complications, a quadriphasic spiral computed tomography or magnetic resonance imaging was performed 6 to 10 weeks after treatment. A hypodense ablated zone without enhancement or thin linear enhancement, or a decrease in size during follow-up, shows complete ablation (Figure 10 ). Thick nodular, irregular enhancement around ablated area and increase in size during follow-up shows local recurrences ( Figure 11) .
The hepatocellular carcinoma surveillance program is important in making an early diagnosis and in planning curative therapy. Image-guided percutaneous ablation is the first choice for patients with early stage hepatocellular carcinoma if the patient is not suitable for surgical resection or liver transplant. Combined treatment modalities can be applied to hepatocellular carcinoma nodules, if the lesion size between 3 to 5 cm in diameter, to increase the effectiveness of both procedures. 
